IN the early part of 1930 several papers [1] were published by Miss K. Chevassut and others, working at the Westminster Hospital, on the etiology and treatment of disseminate sclerosis. Claims were made that a virus, named "spherula insularis,"i could be obtained and cultured from the cerebrospinal fluid of cases of disseminate sclerosis, and in support figures were quoted demonstrating a change in the pH values of positive cultures: besides such claims, attention was drawn to changes in the Lange gold-sol curves of the cerebrospinal fluid and to dysfunction of the liver as measured by certain tests. I now wish to place before you certain facts relevant to to this work, which are in main the results of an attempt to repeat the work under strictly controlled conditions. In order to make this paper clearer, the matter will be divided into four main sparts, namely:
IN the early part of 1930 several papers [1] were published by Miss K. Chevassut and others, working at the Westminster Hospital, on the etiology and treatment of disseminate sclerosis. Claims were made that a virus, named "spherula insularis,"i could be obtained and cultured from the cerebrospinal fluid of cases of disseminate sclerosis, and in support figures were quoted demonstrating a change in the pH values of positive cultures: besides such claims, attention was drawn to changes in the Lange gold-sol curves of the cerebrospinal fluid and to dysfunction of the liver as measured by certain tests. I now wish to place before you certain facts relevant to to this work, which are in main the results of an attempt to repeat the work under strictly controlled conditions. In order to make this paper clearer, the matter will be divided into four main sparts, namely:
(1) The Lange gold-sol curve.
(2) The lievulose tolerance test.
(3) The variation in the pH of cultures. (4) The microscopic appearance of cultures.
(1) Lange gold-sol curves.-Those who work with cerebrospinal fluid and the tests associated with it recognize that the sensitivity of various batches of gold sol solution vary greatly; and that it is possible to prepare a solution which will precipitate completely in every dilution with normal cerebrospinal fluid. To avoid such variations in sensitivity methods of standardization have been introduced, and in the work published last year on disseminate sclerosis Novick's method of standardization was adopted. Even this method has its limitations, as the following figures show. Three batches of gold-sol solution were made, using the method adopted at Westminster Hospital and standardized according to Novick's method, and were then put up with suitable dilutions of the same cerebrospinal fluid. These figures point to a difficulty in the standardization of fluids by this method. For comparison, however, with the Westminster Hospital work, a series of Lange gold-sol curves obtained at the National Hospital by Dr. Greenfield was investigated. The notes of the cases were first carefully examined and only undoubted clinical cases of disseminate sclerosis accepted, namely those with a typical history of eye symptoms, relapses, and double extensor plantar responses. Also, all cases with a history commencing after the age of 40 years were discarded. The chosen cases were then grouped into three series-(1) acute, in which a relapse had occurred within the previous few weeks, (2) progressive, in which the symptoms tended to be steadily progressive, and (3) stationary, in which progress had ceased for a year or more. The gold-sol solution was made according to the method of Mellanby and Davies; several samples were made on each occasion, and only that sample which gave a typical paretic curve with a fluid from an untreated case of general paralysis of the insane was accepted: by this means comparable solutions were obtained. With such solutions, and in these picked cases, the following results were obtained. This work has been carried ouit with the aid of a personal grant Scrutiny of this table reveals the fact that the character of the curve is in no way associated with the stage of the disease. Secondly, the figures show that in only 31 9% of the ninety-four cases were curves of three and over obtained; this compares with a figure of 54% as published in the work under critical review. It is of interest to recall that Greenfield and Carmichael [2] published the results in two series of cases, in each of which a different method of making the gold-sol solution had been adopted In the first series the formalin method was used, and in the second series the method of Mellanby and Davies. The figures were as follows:- 
14.2%
These figures compare very favourably with the present series, giving a percentage of 305 and 33*7 for curves over three. It would thus appear that the workers at the Westminster Hospital, with a 54% of curves over three, may have been using an over-sensitive Lange gold-sol solution.
(2) Laevulose tolerance tests.-Two series of cases, all of disseminate sclerosis, were investigated, one at St. Bartholomew's Hospital, where the chemical estimations were under the direction of Dr. E. N. Allott, and the other at the National Hospital, Queen Square, the estimations being controlled by Dr. E. O'Flynn. The lhvulose used at both hospitals was obtained from the same firm, and contained approximately the same quantity of impurity, making the content 95% lievulose, if all the impurity was glucose; the estimations of the blood-sugar were made by Hagedorn's method. In a normal individual, on the ingestion of 50 grm. of lhvulose, the blood-sugar level does not rise above 30 mgm. in the majority of cases. and it is commonly accepted that a rise above that level may indicate liver dysfunction. In the two series, one of seventeen cases at St. Bartholomew's Hospital, and the other of eleven cases at the National Hospital, only six cases showed a rise of over 30 mgm. in the blood-sugar level. The actual figures are: 3, 5, 10, 11, 13, 15, 17, 17, 19, 20, 20, 21, 21, 23, 23, 25, 25, 25, 25, 27, 29, 30, 35, 35, 37, 38, 48, 75 , making a percentage of 21 -9 with figures over 30. In one case the woman had just been confined, and this offered a possible explanation for the rise to 37 mgm.; in the other cases no explanation could be found. It is worthy of note, however, that only in two cases did the level rise above 40 mgm., because the workers at the Westminster Hospital exhibited a diagram of four curves with respective rises of 70, 80, 80, and (3) p1 determinations of cultures.-We now come to the crucial experiments dealing with the characteristics of the cultures and their microscopic appearance. It is fair to assume that few will be willing to estimate the character of an object simply from its microscopic appearance and that bacteriologists will demand some specific change in cultural reactions as criteria of a living organism. Therefore the experiments dealing with pH values assume as much significance as, if not more than, the microscopical experiments. On account of this, very especial care was paid to the following pH determinations, and Dr. Elford, of the National Institute for Medical Research, rendered most valuable aid in criticizing and controlling these results. Several methods of determining the pH were available and require criticism at this stage. Four methods are possible, namely, (1) colorimetric, by means of suitable indicators and a comparator, (2) the quinhydrone method, (3) the method using the bubbling hydrogen electrode, and (4) the method by means of the hydrogen cell electrode of Bailey's type. Indicators are undoubtedly useful and give good results if great accuracy is not required: at most the error may be 0 *1 to 0 2 of a pH, but any fall or rise of more than 0*2 is easily discernible: this method has been used as a confirmatory method in the present work. The quinhydrone method is accurate only up to a pH of 7'8, above which level it becomes less accura-te: this method was used on occasion, as it is valid, but it was not used generally and never with fluids having a pH higher than 7 8. The bubbling hydrogen electrode offers many technical and theoretical difficulties when one is dealing with biological fluids: this method was not used, because with a similar electrode to that used by the Westminster Hospital workers, no constant estimations of media could be obtained: this was due to the excessive frothing which occurred on bubbling the hydrogen through the albuminous fluid, thus allowing the platinum point to lie above the level of the fluid being tested and to become dry. However, with buffer solutions of a known pH, constant readings were obtainable, as it was possible to saturate the fluid with hydrogen without frothing taking place (the figures for buffer solutions were the same whatever method of estimation was used). Again, if hydrogen is bubbled through a biological fluid, the process of bubbling removes any easily dissociated carbon dioxide from the mixture, rendering it more alkaline. On account of the practical difficulty alone, and quite apart from the theoretical loss of carbon dioxide, this method was considered, after a series of experiments, impracticable and untrustworthy. Lastly, the closed cell method: here there is no possible error arising due to loss of carbon dioxide, and it was found that the results were always strictly comparable in a series of examinations of any one fluid. This method was therefore the method of choice. In all the work on pH estimations careful note as to temperature was taken and corrections made in the readings accordingly. Also, the nature of the case from which the cerebrospinal fluid was obtained was in the majority of cases not known to me until after the pH values had been determined. The Hartley's broth used in these experiments was exactly the same as that used by the workers at the Westminster Hospital, being obtained from the same source. The serum was obtained from the blood of students at St. Bartholomew's Hospital, who willingly volunteered for the work. The serum was used within from 24 to 72 hours of obtaining the blood, and was filtered by negative pressure through a Seitz filter. The proportions of Hartley's broth, serum, and cerebrospinal fluid used, were the quantities advised by Miss Chevassut in her paper or in personal communications to me. The experiments dealing with pH values covered much ground, and were frequently repeated to avoid any possible error. They may be conveniently divided into four groups: the determination of (i) the pH values of various mixtures of broth and serum, (ii) the pH values of broth and serum over a period of days, (iii) the pH values of broth and serum and normal cerebrospinal fluid, or cerebrospinal fluid from cases other than disseminate sclerosis, and (iv) the pH values of broth and serum and cerebrospinal fluid from cases of disseminate sclerosis.
(i) pH values of broth and serum.-The pH value of serum was found to differ in various samples of serum from different individuals, and no constant level was obtained. The following table demonstrates the variation in several sera before and after filtration with different filters. In most the pH was above 8-0. These figures also demonstrate that by altering the ratio of broth to serum variation in the pH values of the mixture resulted. Difficulty was therefore encountered in obtaining a mixture on every occasion with the pH of 7-5 to 7-6 as is stated to be required in the publications of last year. Possible solutions of this difficulty offered themselves: the resultant mixture could be titrated with decinormal acid or alkali to the required pH. This was in effect done, and cerebrospinal fluiid added; but the previous workers were averse to this method, so a large series of experiments with mixtures of varying pH values to which cerebrospinal fluid was added were carried out. Results in both instances will be dealt with later.
(ii)-pH values of broth and serum over a period of days. The statement was made in the work from Westminster Hospital that, if a mixture of broth and serum with a pH of 7 -6 was kept over a period of days, the pH value remained more or less stationary, or became slightly acid: the following figures were quoted: Days ... In all cases the mixture of broth and serum became more alkaline; this change to the alkaline side is explicable on the loss of the less easily dissociated carbon dioxide which comes off slowly over a period of days. There is thus a large discrepancy between the figures published from the Westminster Hospital and those reported upon in this paper. The reason for the shift of the pH values to the alkaline side was also investigated, and will be dealt with later.
(iv) pH values of broth and serum and cerebrospinal fluid from cases of disseminate sclerosis.
A similar series of observations were made with mixtures of broth and serum to which cerebrospinal fluid from cases of disseminate sclerosis was added. In all respects analogous results were found as with cerebrospinal fluid from normal cases. The results are drawn up in Table VI . 
HE
C Scrutiny of this table shows that in every instance, nineteen cases in all, composed of acute, progressive and stationary types, the resultant mixture became alkaline. Thus in this series no con,firmation was established of the shift to the acid side, as claimed by the workers at the Westwinster Hospital; in fact the direct opposite was. observed in every instance. The following figures were quoted in the work of last year. Broth, serum, 776 7.4 7.2 7.0 6.9 7.1 7-25 7.4 7.5 7.6 7.8 8.0 8-0 8.0. and .s.f. 7.6 7-5 7.3 7.1 7.0 6-9 7-1 7.25 7.4 7.6 7.7 7.8 7-8 7.8-(Diss. scler.) 7.5 7.4 7.8 7-2 7.1 7-02 6.89 7.1 7.2 7-4 7.5 7.6 7-8 7.9
Again, with a mixture of broth and serum titrated to a standard pH of 7 6, the: addition of cerebrospinal fluid causes the pH to shift to the alkaline side. 
Gastriculcer 7c.c. 7.9 8.0 8.0 8.1 8.1 8.1
Disseminate 7 c.c. sclerosis 7-8 7-9 8-0 8-1
No. C.S.F. added 7.6 7-6 7-6 7-65 (HE) (C) (C) (HE) QH = Quinhydrone. C = Comparator. HE = Hydrogen electrode.
Thus, no matter how the mixture of broth and serum was prepared, in every case, irrespective of the source of the cerebrospinal fluid, the pH of the mixture after the addition of cerebrospinal fluid became more alkaline.
Experiments were then carried out to ascertain the cause of this shift of the pH to the alkaline side. Firstly, the quantity of the carbon dioxide in a fresh specimen of broth and serum and cerebrospinal fluid was measured, and again four days later, with the following results:
Immediately after
Four days later, after exposure addition turnder aerobic conditions 
5-9 volumes %
These figures demonstrate that a very considerable loss of carbon dioxide takes place, which will render the mixture more alkaline. Again, if the loss of carbon dioxide is retarded by culturing under paraffin, a shift to the alkaline side is less evident, as demonstrated by these figures. Again, if the lost carbon dioxide is replaced by placing the mixture in a partial pressure of carbon dioxide, equal to that of the alveolar air (approximately 6%), the pH values move to the acid side, only to return to the alkaline side after exposure to the ordinary atmosphere. The following figures illustrate this fact:-pH of mixture two days old .
..
8.0
pH of mixture after two days in 6% carbon dioxide ... 7-4 pH of mixture after exposure to air for two days ... 7.9
It is therefore apparent that the alteration of the pH to the alkaline side is due to a loss of carbon dioxide, and that unless care is taken to avoid this loss, it is impossible to prevent the alteration of the pH of the mixture to the alkaline side after the addition of the cerebrospinal fluid. As such precautions were not adopted by the workers at the Westminster Hospital, it is impossible to explain or repeat the figures they obtained for controls, or for cultures of cerebrospinal fluid, using aerobic methods of cultivation. These experiments have resulted in an absolute failure to reproduce the figures quoted in the paper published at the beginning of last year for broth and serum, and for broth and serum and normal cerebrospinal fluid, and for broth and serum and disseminate sclerosis cerebrospinal fluid.
(4) The microscopic appearance of cutltutres.-In this work Mr. Barnard has generously rendered assistance by supplying the microscope and by personally examining eight cultures from cases of disseminate sclerosis.
The cultures were prepared according to the method described by Miss Chevassut, and the only criticism suggested regarding the work was that, as some of the work necessitated the carriage of cerebrospinal fluid to Hampstead from various hospitals, the virus might be damaged in transit and thus cause negative cultures. This criticism has been met by repeating the work in Dr. Greenfield's laboratory at the National Hospital, Queen Square, where transit cannot remain a, valid criticism.
Irrespective of whether the cerebrospinal fluid has been submitted to transmission across London or not; the microscopic picture of the nineteen cultures, of disseminate sclerosis fluid differed in no way from the picture of normal fluids, or of uninoculated material. In all, nineteen fluids from cases of disseminate sclerosis were examined, eleven at Queen Square and eight at Hampstead. Mr. Barnard examined eight cultures of disseminate sclerosis fluids at Qucen Square and found nothing distinctive in these cultures.
Summary.-(1) A series of Lange gold-sol curves in ninety-four cases of disseminate sclerosis showed a curve rising above 3 in 31%. a (2) A series of lmevulose tolerance tests in twenty-eight cases of disseminate sclerosis showed a rise of over 30 mgm. of blood-sugar in 21 9%.
(3) pH determinations of broth and serum, of broth and serum and normal cerebrospinal fluid, and of broth and serum and disseminate sclerosis cerebrospinal fluid, exhibited a shift to the alkaline side in every instance. This shift was due to a loss of carbon dioxide.
(4) No Discession.--Sir JAMES PURVES-STEWART: After considering Dr. Carmichael's paper, it seenis to me that a large proportion of his results which are apparently at variance with those of Miss Chevassut are due to his having employed different methods, e.g., a different colloidalgold solution and a different electrode for determination of the pH.
It is difficult for anyone like myself, without bacteriological or biochemical knowledge, to follow the intricate technicalities amongst which Miss Chevassut and Dr. Carmichael move so easily.
To me, the difference in the gold-curves as recorded by these two observers, seems more apparent than real. Dr. Carmichael, with his particular solution of colloidal gold, gets a positive gold-curve in 80% of his cases, a figure even higher than Miss Chevassut's 77%. There is no serious discrepancy on this point.
We must remember that even a positive gold-curve does not necessarily prove the existence of a living virus. Whatever be the cause of the malady, the gold-curve is probably a concomitant phenomenon. This is shown by the fact that a positive colloidal gold-curve is obtainable in " dead " fluids, i.e., hours after their withdrawal from the body, fluids in which positive cultures of the spherula can no longer be obtained. The gold-reaction, therefore, may only be the result of some toxin resulting from the causal agent of the disease.
Deficiency of metabolic and antitoxic liver functions, if present, indicates a toxic factor.
Levulose tolerance tests are of little value as indicating deficielncy of liver function, unless they co-exist with excess of indican in the urine (ten to twelve times the normal, according to Miss Chevassut) and with negative glycuronic acid tests. Neither of these tests was carried out by Dr. Carnmichael. All that the levulose tolerance tests indicate is the possibility of deficient detoxicating power in the liver.
Then we come to the question of alkalinity, in mixtures of Hartley's broth, blood-serum, and cultures of the spherula-the pH reaction. The crucial point of difference between these two observers is as to the type of hydrogen electrode which was employed. Miss Chevassut obtained her results with a bubbling hydrogen electrode, working at a given rate (two bubbles per second), being careful to keep the platinum point below the level of the fluid and so avoiding the possibility of frothing, to which Dr. Carmichael calls attention. Dr. Carmichael, on the other hand, prefers a Bailey's closed-cell electrode, which he believes to be better.
In view of this difference in the electrodes used by the two observers, it is not surprising that they get different results. Dr. Carmichael fails to observe the occurrence of an acid wave as described by Miss Chevassut, using a different form of electrode. The two sets of results are not strictly comparable. It is like conlparing a cat with a dog, or a sheep with a goat.
These discrepancies can only be settled by mutual agreement upon methods of observation. If such agreement can be arrived at, similar results ought to be attained by them both.
Lastly, on the question of securing cultures of Miss Chevassut's spherula, Dr. Carmichael has obtained negative results in nineteen successive cases of disseminated sclerosis. Miss Chevassut, on the other hand, secured positive cultures in 93% of her first series of 176 cases, together with uniformly negative results in a control series of 269 cases of other diseases and of other individuals. A further series of 234 cases of disseminated sclerosis has yielded positive results in 89%. Since Miss Chevassut's publication, Smith and Ransom, of Liverpool,' have secured positive cultures in nine out of eleven cases, whilst Zerkowitz, of Buda-pest, has also secured positive cultures in twenty-six out of twenty-eight cases of disseminated sclerosis.
Whatever be the nature of the morphological appearances, which Miss Chevassut has repeatedly demonstrated under the ultra-microscope, the fundamental questions, from the clinician's point of view, seem to be as follows: (1) Is this spherula which is seen in cultures of cerebrospinal fluid from disseminated sclerosis, a specific appearance in the disease? (2) Is it a vital phenomenon or merely a biochemical reaction ? (3) Are filterable viruses, as. a class, to be regarded as living organisms or not? (4) Does an experimental vaccine prepared from the spherula (whether it be a vital or a biochemical affair) produce beneficial therapeutic effects, and if so, in what way ?
It is evident that the problem calls for further research, and that we have not yet reached the stage of final decision.
Miss K. CHEVASSUT said: It has never been claimed that the gold-curve and levulose tolerance test are in favour of the contention that a virus has been obtained and successfully cultured, and it is difficult to understand why Dr. Carmichael considers this to be so. I conclude froin my results that in disseminated sclerosis there is deficiency in the anti-toxic and metabolic functions of the liver. I quote from my paper published in March:-" The question arises whether the etiological factor is responsible for such loss of detoxicating power, or whether, owing to this deficient detoxicating mechanism, this factor is able to gain access to the body. In either case it seermed probable from these experiments (i.e., liver function tests) that there is a toxic factor to be taken into account in disseminated sclerosis, whether this be primary or secondary to some fetiological agent." As regards the colloidal gold test, again quoting from my paper:
"Thus it has been found that in all cases of disseminated sclerosis in which the colloidal gold test was positive, the virus could be cultured from a sample of cerebrospinal fluid taken simultaneously. If, on a subsequent occasion, a sanmple of cerebrospinal fluid from the same patient yielded negative cultures the gold-curve had also become negative. This observation was confirmed so often that it must be concluded that there is some relationshiR between the factor responsible for the precipitation of colloidal gold and the presence of the virus in cultures of cerebrospinal fluid. It is evident that this factor cannot possibly be related directly to the presence of the virus. Cerebrospinal fluid will of course precipitate colloidal gold many hours after withdrawal, when it can no longer be used to obtain cultures of the virus. Neither is the converse relationship necessarily true, for the gold test may be negative in cerebrospinal fluid from which positive cultures can be obtained. Hence, although a correlation of the colloidal gold reaction and cultural results shows a definite connection in this respect, the precise reiationship has not been determined. It is conceivable that factor responsible for precipitation of the gold results from some product, toxin or otherwise, of the virus. This possibility will be investigated in future research." Gold-curve.-(1) How does Dr. Carmichael prepare a solution of colloidal gold, which will precipitate completely in every dilution with normal cerebrospinal fluid ? (2) Has he prepared any gold by the method described in the publication, or is it by the method of Mellanby and Davies that he gets this solution ?
Method of standlardization.-The foundation of the colloidal-gold test was laid by Zsigmondy, who used it as a means of quantitative protein estimation. He deternmined the gold factor for various protein substances, i.e., the number of milligrammes of protein, just sufficient to prevent precipitation of a definite quantity of colloidal gold in the presence -of a known quantity of a certain percentage of electrolyte (sodium chloride). Depending upon the nature and concentration of the electrolyte present, various alterations of the original dispersion phase of the gold solution may be produced, manifested by a range of colours. Zsigmondy found that the degree of protection is specific for each protein examined and may be expressed in terms of milligrammes of protein capable of protecting 5 c.c. of a gold solution against a known quantity of sodium chloride. In other words, under the same conditions a given quantity of protein will regularly prevent a given quantity of electrolyte from precipitating a given quantity of colloidal-gold solution.
Thus the precipitation by an electrolyte is the fundamental chemical basis of the colloidalgold work, and appears to be the only scientific and chemically accurate method of standardization. This precipitation of the colloidal gold by an electrolyte is the underlying principle of Novick's method, which was employed for standardization in my work. In my publication of March 15 it is pointed out that the standard adopted is as follows: " 5 c.c. of the colloidal-gold solution should be completely precipitated in one hour by 1 ' 7 c.c. of a 1% solution of sodium chloride." This was employed as advised in the paper on " The Value and Mechanism of the Colloidal Gold Test," by Dr. John Cruickshank (Brit. Journ. Ex. Path., 1920, i, p. 73), a comprehensive treatise on the gold test.
In addition, the various samples of gold used in experiments described in the publication were all tested with normal cerebrospinal fluids, though this was considered secondary in importance to the physico-chemical precipitation test.
The method of preparation of gold used at Westminster Hospital is that originally described by Lange. This was adopted for three reasons: (1) It was the method used in the Westminster Hospital Pathological Laboratories for many years, so that for purposes of comparison it was thought advisable to keep to the method. (2) It was thought best to use the method (formalin and potassium carbonate and gold chloride) described originally by Lange; and (3) it was found that the method gave perfectly reliable and constant results, if carried out precisely according to the instructions in the publication of March 15, and satisfying the criteria laid down therein.
Dr. Carmichael states that he gets practically the same results with the method of Mellanby and Davies as in his former work with Greenfield, when he used the formalin method. Does he mean by this, Lange's original method, and if so, why does he now imply that he considers the formalin method unreliable ?
Dr. Carmichael's observations on the curve in relation to the stage of the disease confirm our own observation, for, as pointed out by Sir James Purves-Stewart, in ordinary spontaneous remissions occurring in the course of the disease we have invariably found the gold-curve to be positive just as Dr. Carmichael has found in his stationary cases. This observation gave rise to Sir James's conclusion that the remission or arrest of the disease (including cases in statu quo, i.e., stationary) consequent upon experimental vaccine treatment was a totally different affair from the ordinary spontaneous remissions. In the latter type of case, as Dr. Carmichael mentions, a positive gold-curve can still be obtained; in the former type of case, which has become stationary or remitted after experimental vaccine treatment, the gold-curve becomes negative, as pointed out in Sir James Purves-Stewart's paper (loc. cit.).
With reference to Table I in Dr. Carmichael's paper, the interpretation of the gold-curve, as commonly accepted, surely depends upon the position of the tube or tubes in which precipitation occurs in the series. Thus the various curves are described according to the relationship of their maximal precipitation. Dr. Carmichael does not state where the various colour changes occur in his series. Are they at the beginning or the middle of the curve? I do not understand why he groups curves marked " No change " and " Up to 2 " together. It is commonly accepted that a paretic curve means that maximal precipitation occurs in the first five dilutions, irrespective of the degree of precipitation. Similarly a luetic curve means that maximal precipitation occurs in tubes 3 and 4 (dilutions 1/40 to 1/80), again irrespective of the degree of precipitation. Hence the phrase " up to 2 " or "up to 3" is valueless.
As regards total number of cases giving a positive curve of any sort in disseminated sclerosis:-Dr. Carmiehael apparently finds a positive curve in 80 8% (i.e., 48 9% + 19 * 2% + 12 * 7%). Ayer and Foster obtained positive curves in 75% of cases.
In my Westminster publication, I stated that a positive curve is obtained in 77% of cases of disseminated sclerosis. This is in harmony with the above percentages quoted.
Dr. Carmichael states that I claim that in 54% of cases, curves over 3 are obtained and described in my publication. I do not understand why he makes this statement. I quote from my paper:
" The results showed that in disseminated sclerosis there is one important diagnostic point about the gold-curve revealed-by such observation of the tubes-namely, that precipitation almost invariably occurs first in the fourth tube, that is, in the dilution 1/80. Whatever the final reading, this change can usually be observed within an hour of doing the test, although at first the precipitation may be very slight. It was found that in 70 per cent. of these cases giving a positive gold-curve, precipitation occurred in the dilutions 1/80 to 1/640, producing a curve of the type 0003222200. Initial and usually maximal precipitation was manifest in the 1/80 dilution. In certain stages of the disease the cerebrospinal fluid gives a type of curve in which precipitation occurs in the first five or six tubes.
In either case the degree of precipitation is usually not greater than that indicated by the figures 3 or 4." MAR.-NEUR. 2 * La3vulOse tolerance te8t.-(1) Levulose used in the tests published from Westminster Hospital was the purest obtainable, the same as used by Dr. Carmichael himself.
(2) The Ievulose tolerance tests were carried out in conjunction with the indican and glycuronic acid tests, and it was the correlation of the results of these three tests which led to the conclusion that the detoxicating power of the liver was deficient.
(3) A certain number of cases were tested, using galactose (pure with a rotatory power of 76°); these confirmed the levulose tolerance test.
In the Lancet (1930, i, 659) there is a communication by Dr. A. F. Hurst, dealing with my observations on the functional efficiency of the liver in disseminated sclerosis. He states that his observations confirm mine. This confirmation is of particular value coming, as it does, from such an authority on digestive and liver disturbances. pH determination.-Dr. Carmichael asserts that "experiments dealing with pH values assume as much significance as, if not more than, the microscopical experiments." I would point out that such experiments are not proof of a living virus. I emphasize this point because many critics have expressed the opiniion to me that, if a change of reaction could be demonstrated, it would be proof of the existence of a living organism. The fallacy, in such an argument, is obvious, when one considers that a change in reaction can be brought about by enzymes or ferments, or indeed many chemical reactions. Hence, I cannot agree with the view that such experiments are of more value than microscopical observations. The obvious fallacy in Dr. Carmichael's pH work is that he is attempting to measure the reaction of cultures, without knowing whether they are cultures or not. In other words, he is working without knowledge as to whether the factor supposed to alter the pH is present or not. It is obviously only by examining a culture under the microscope that one can know whether it is positive or negative, and therefore likely or otherwise to induce the change of pH.
Methods employed: Colorimetric.-As regards the colorimetric method employed by Dr. Carmichael, this was not employed in our Westminster work for the following reasons:-(a) The solution under investigation is already coloured; (b) it may be opalescent, and the precise degree of opalescence cannot be simulated in controls; (c) as Dr. Carmichael admits, a difference of 0 * 2 pH may be entirely missed by a colorimetric method.
Hydrogen electrode.-Dr. Carmichael did not use the method employed at Westminster Hospital. He states that this is impracticable for two reasons: (1) On account of the excessive frothing that occurs on bubbling the hydrogen through the albuminous fluid, thus allowing the platinum point to lie above the level of the fluid being tested and to become dry. Two comments may be made on this: (a) If excessive frothing occurred on bubbling the hydrogen, as he states, the technique was faulty. Either too much hydrogen was used (requisite amount = 2 bubbles per second), or the vessel in which the experiment was being performed was unsuitable. The methods of preventing this difficulty are so simple as to need no discussion; (b) naturally if one is so careless as to allow the platinum point to lie above the level of the fluid being tested, and to become dry, no result could be expected. Obviously no electrical circuit is in existence under such circumstances; (2) Dr. Carmichael states that if hydrogen is bubbled through a biological fluid, any easily dissociated carbon dioxide is removed from the mixture. He goes on to say that for this reason he discarded the method. This is the precise reason I adopted this method.
The purpose of carrying out pH experiments was to determine whether or not a specific change in reaction occurred in positive cultures. It is well recognized in dealing with such mixtures as broth and serum and cerebrospinal fluid, that a change of pH is bound to occur spontaneously, owing to the loss of carbon dioxide, in consequence of which it becomes more alkaline. In other words, one has to contend with a factor already present in control and disseminated cases, inducing a change of hydrogen-ion concentration. Therefore it seemed obvious that the best method one could employ was that in which this additional factor, spontaneously changing the reaction, was removed. Hence the hydrogen (Rideal) electrode described was employed, for in this, as Dr. Carmichael points out, " the process of bubbling removes any easily dissociated carbon dioxide from the mixture." This being the case, the variable factor involved by loss of carbon dioxide is removed from the experiments and one is left only with the factor which one is out to measure, namely, any variation in hydrogen-ion concentration induced by something specific to the cultures themselves. In addition, the essential point which I attempted to prove or disprove was whether any definite change as regards reaction was manifest in cultures from day to day. Obviously, it was important to begin from precisely the same point each day, and therefore it was essential to remove this varying factor due to loss of carbon dioxide. Only in this way can one start from the same point each day, and compare results inherent to, and induced by, cultures themselves.
Many observers have investigated the hydrogen-ion concentration of both cerebrospinal fluid and serum, and have drawn attention to the fact, easily demonstrable, that both these fluids become alkaline after withdrawal. As regards cerebrospinal fluid, I carried out a series of observations in this respect in 1926. These were published in the Quarterly Journal of Medicine, 1927, vol. xxi. I quote from this paper: "During the first two hours after withdrawal the pH of cerebrospinal fluid rapidly increases from 7 * 3 to 7 * 9 or 8. In the next 12 hours the change is more gradual, and after 12 hours the pH remains practically constant, the final value 24 hours after withdrawal being about 8 1-8 -5. The pH of fluid kept in an ordinary sterile tube with a cotton-wool plug, was compared with that of the same fluid collected beneath a layer of paraffin and k-ept tightly corked. After 2-8 hours, it was found that the pH of the latter fluid had retained its original value, or had even fallen, while the pH of the fluid in the tube with the cotton-wool plug only had become more alkaline, the pH changing from 7 * 3 to 8 1." I pointed out the obvious fact that " just as loss of carbon dioxide affects the reaction of the blood, so, unless the cerebrospinal fluid is collected and examined without loss of carbon dioxide, the reaction would appear more alkaline than it really is in the body." When, however, it comes to a question of making cultures of the cerebrospinal fluid, with a view to culturing a virus under aerobic conditions, it is obviously not possible to prevent this loss of carbon dioxide by collection under paraffin. A little consideration will show that the prevention of loss of carbon dioxide by this method will, at the same time, defeat the object of making the cultures, since the conditions of growth are not fulfilled. Therefore, the only alternative is to use a method for measurement of drogen-ion concentration in which this disturbing factor is eliminated. Dr. Carmichael points out that when he incubates a mixture of broth, serum, and cerebrospinal fluid, the pH of the mixture rises to the alkaline side, reaching a level of 8 -0 or more. It is difficult to see why he should expect it to be anything else, using the method he describes. The shift to the alkaline side would be inevitable bv this method. He states that he carried out experiments to ascertain the cause of this shift of the pH to the alkaline side, and comes to the conclusion that it is due to the loss of carbon dioxide. In the initial stages of the work at Westminster Hospital this problem of loss of carbon dioxide, occurring in any mixture of broth and serum, and rendering the mixture more alkaline, as pointed out by many previous workers, was taken into consideration, with the result that this method was employed.
Dr. Carmichael states that if the lost carbon dioxide is replaced by placing the mixture in a partial pressure of carbon dioxide, equal to that of the alveolar air (6%), the pH values move to the acid side, only to return to the alkaline side after exposure to the ordinary atmosphere. Thus he provides cotnfirmatory evidence of the well-recognized fact that alteration of the pH to the alkaline side is due to a loss of carbon dioxide. He goes on to say that "unless care is taken to avoid this loss, it is impossible to prevent the alteration of the pH of the mixture to the alkaline side after the addition of the cerebrospinal fluid," and he continues: "As such precautions were not adopted by the workers at the Westminster Hospital it is impossible to explain or repeat the figures they obtained for controls or for cultures of cerebrospinal fluid, using aerobic methods of cultivation." It would be interesting to learn how such precautions could be adopted, compatible with the obtaining of positive cultures. Collection under paraffin is obviously out of the question, since the cultures must be aerobic. The only alternative appears to be the adoption of a method whereby this loosely-held carbon dioxide was eliminated, hence the Rideal electrode was employed. Dr. Carmichael states that the pH value of serum varies after filtration. In the work carried out at Westminster we have not found this variation to exceed 0 * 2 pH, but the same type of filter was employed, and not different ones as in his table. The average pH of serum after filtration was 8 -2-8 * 4.
In his Table III Dr. Carmichael gives the pH readings of serum broth and various mixtures. In nine out of twelve cases he obtains a mixture in which the pH does not exceed 7 6, which is the requisite condition laid down in my publication for the preparation of cultures. That there is some varying factor, presumably due to loss of carbon dioxide, occurring in his experiments, is shown by comparing the four experiments quoted from his S. 3c.c.
Thus, comparing (1) and (2)-using the same quantities of broth and serum-he uses in (1) serum as alkaline as 8-7, and gets a final pH of the mixture of 7 5; in (2) he uses a more acid serum, pH 8-4, and yet gets a more alkaline mixture of 7 6-the pH of the Hartley's broth being the same in both cases. Similarly, in (4), he uses a serum of pH 8 6, and gets a resulting pH of 7 7. While in (3) he uses a more acid serum and yet gets a more alkaline (7 9) mixture, the pH of the Hartley's broth remaining the same in both. The inference is that the method he is using is not suitable when dealing with mixtures in which the carbon dioxide content is constantly varying.
In my publication I repeatedly emphasized that it is essential to culture the cerebrospinal fluid immediately after withdrawal. Whether hydrogen-ion concentration is the most important reason for this, I am not at the moment prepared to say, but in all cases in which positive cultures have been obtained the pH of the cerebrospinal fluid when cultured was not greater than 7 4. In other words, the cultures consisted of a mixture of Hartley's broth, pH about 7 4, serum pH about 8-2 or 8-4, and cerebrospinal fluid pH 7 4, the resulting pH of the mixture being 7 5 to 7 6. It has been suggested by critics that if one employs the hydrogen electrode method, in which hydrogen is bubbled through the mixture, the initial pH of the mixture would be the same whether the cerebrospinal fluid was added when fresh, or after standing, because in either case the carbon dioxide would escape from the cerebrospinal fluid and render it more alkaline. On the contrary, the reverse is the case. Hartley's broth is a well-buffered medium, and, in fact, was originally employed in the production of diphtheria toxin, in order that reasonable amounts of acid or alkali should not appreciably affect the reaction. The comprehension of the pH experiments in this work depends essentially upon the recogniticn of this buffering capacity of Hartley's broth. In the first place, as regards cerebrospinal fluid, if this is added when the pH is 7 4, owing to this buffering action the carbon dioxide is converted into bicarbonate. In consequence of this, when the Rideal electrode is used, the carbon dioxide is no longer removed, as it would be in the case of cerebrospinal fluid alone, and a pH of 7 * 5 to 7 -6 results. On the other hand, if cerebrospinal fluid is added to a mixture of broth and serum at a time when loss of carbon dioxide has occurred, and the fluid is therefore alkaline, the correct pH cannot be attained.
Experiments carried out in my laboratory demonstrate this point. In these, carbon dioxide wa3 actually bubbled into Hartley's broth, of known pH for varying periods of time, and subsequently hydrogen was bubbled through as in ordinary pH determinations. It was found that the pH fell from 7 5 to 6-9 or 6X8 (average of experiments) on bubbling carbon dioxide through the broth for about 20 minutes. Subsequently, when hydrogen was blown through and a reading taken at intervals of 10 minutes for four hours, the galvanometer remained practically constant, approximately the same pH being maintained, demonstrating the points I have endeavoured to emphasize as regards Hartley's broth and carbon dioxide.
Supposing one takes a mixture of Hartley's broth, serum, and cerebrospinal fluid (normal), in the proportions of 12 c.c. of Hartley's broth pH 7 * 3, 3 c.c. of serum, pH 8 -2, and cerebrospinal fluid 5 c.c. pH 7 -4. If now the pH is determined, using a Rideal electrode, it will be found to be about 7-5 or 7-6. During incubation there is loss of carbon dioxide. In consequence, if the pH is taken again after 24 hours, it will take slightly less time for the galvanometer to give a steady reading, since there is less loosely held carbon dioxide remaining to be blown off by the hydrogen. Obviously, the reading would come about the same as the first reading, for in both cases the varying factor of the loosely held carbon dioxide has been removed and there is no other factor inducing any change of reaction. But it will be clear that this similarity of readings can only be obtained if this particular method is used, in which the variable factor of the loosely held carbon dioxide is removed. By any other method in which this is not removed, the readings will not be similar, but the second will be more alkaline than the first, because carbon dioxide has been lost, during incubation. This is the case using cerebrospinal fluid from control cases, normal and pathological. On the other hand, if some change has occurred through growtb, then the first and second readings, after removal of the carbon dioxide, would not be the same. As regards disseminated sclerosis cultures, it must be emphasized that this change of reaction, presumably due to some inherent property of the cultures themselves, is of very small magnitude, i.e., in the neighbourhood of not more than 0 1, or at the most Q 2 pH variation daily. Hence it is easily conceivable that it might be masked by the more pronounced alkaline shift of pH due to loss of carbon dioxide.
It will be readily understood that the degree of buffering action of the Hartley's broth depends, to a certain extent, upon the amount used. In my publication, apart from the table showing the results of a few illustrative experiments, I find that I do not mention the amount of Hartley's broth, serum, and cerebrospinal fluid which should be mixed for cultural work. The point emphasized, however, is that the initial pH of the culture must be 7 * 5 or 7 * 6, and this really means that the mixture of Hartley's broth and serum must be of a pH of 7-5. The precise amount of Hartley's broth which must be added to produce this pH depends, of course, on the initial reaction of the Hartley's broth when made, and as this varies slightly in different batches of media, figures illustrative of the amount to be added were not mentioned. In addition, there is the variable factor of the pH of serum to be taken into account. Thus, in the case quoted in my paper, where 10 c.c. of Hartley's broth, 3 c.c. of serum, and 8 c.c. of cerebrospinal fluid were used, the pH of the Hartley's broth was about 7 -1. If the pH of the Hartley's broth is 7 -4 to 7 * 5 it is usually necessary to add about 12 c.c. of Hartley's broth, if the pH of the serum is 8 2 to 8 *4. It was specifically pointed out in my publication, that the change of reaction only occurs in actively growing cultures. I quote my precise words: " It occurs only in actively growing cultures, but the exact mechanism of the change remains a problem for future investigation." Therefore, it is surely reasonable, in repeating the work, to examine the culture microscopically first and be sure that one i dealing with an actively growing culture, before attempting to determine the pH of the mixture. Otherwise it is not known whether the conditions requisite for inducing this change of reaction are fulfilled.
It might be argued that in my very early work on this subject four years ago a chanige of reaction was the first thing noticed. I would like to point out that a very large number of cultures were made from disseminated fluids, and as I say in my publication: " Numerous unsuccessful experiments carried out." In these early experiments negative results were so uniform as to be completely discouraging, and only in a few isolated cases out of this large number examiined was any change of reaction manifest. I emphasized tbhis point in my publication unduly perhaps, but because it was the starting point of the investigations subsequently carried out. Uniform results were not obtained until later in the work when the somewhat difficult technique was rendered much more perfect and the scientific basis, namely the microscopical appearance of cultures, established for the pH experiments. Even in this early work I held the opinion that this occasional change of reaction demonstrable was valueless, unless it could be correlated with either a microscopical appearance or some other property inherent to the cultures.
The microscopic appearance of cultures.-Dr. Carmichael examined nineteen cultures of disseminated sclerosis. Of these eleven presumably fulfilled the condition laid down in my paper, namely, that the fluid must be cultured immediately after withdrawal. I quote from my paper:
"Transference of the material, either before culturing or before microscopical examination of the cultures, is very undesirable. Such a procedure leads to unreliable and inconstant results, although the reason for this is not, at the moment, perfectly clear." Presumably the cultures made at Queen Square fulfilled this condition and were negative. I would point out that anyone who attempts to compare this work with ordinary bacteriological observations, and expects uniformly positive results, is in ignorance of the fundamental principles involved. The extreme difficulties of the technique are enhanced by the fact that one can never see any visible growth except by the somewhat elaborate microscopical examination involved. When, in my publication, I speak of a certain percentage of positive results I should perhaps emphasize that many of these represent more than one examination of the fluid of that particular patient. In the work published analogous experiments were carried out in controls in which the fluid was examined from patients who came periodically to hospital for anti-syphilitic treatment.
Dr. Carmichael states that Mr. Barnard examined eight cultures which he prepared, and in them found nothing distinctive. I understand by this that Mr. Barnard did not see, in these cultures, the appearance of spheres and granules which he saw in my cultures at Westminster.
The criticism most commonly met with, and the error into which most workers have fallen, is the confusion of spheres seen in uninoculated media with those characteristic of cultures made from cerebrospinal fluid from cases of disseminated sclerosis. The fact that spheres do appear in uninoculated tubes, using the optical system described, is undoubtedly one of the chief difficulties in this work, which should only be undertaken after careful and prolonged observations, and thorough cognizance of the various artefacts and contaminants which may be met with. I quote the words of Mr. Barnard, dealing with this question in my publication:
" It is admitted that bodies do appear on occasions in uninoculated tubes that have some points in common with both pleuro-pneumonia and the organism observed in disseminated sclerosis cultures. There is reason to regard these as filterable contaminants, but they can be microscopically differentiated from the cultures herein described, and further, they develop best at different temperatures and in different times. By analogy, therefore, there is reason to regard the results obtained in culture as being suggestive of the growth of a living virus, although much has yet to be done before a full and satisfactory understanding of the complete life-cycle can be worked out." As Dr. Carmichael mentions in his paper, I was supplied with 32 specimens of cerebrospinal fluid from various sources; of these 14 were contaminated and therefore unsuitable for cultural purposes, and no spheres or colonies were seen in any of the cultures made from any of these fluids, though I understand that one was reported positive through a secretarial error.
Dr. PHYLLIS M. T. KERRIDGE, speaking with regard to the technique of the measurements of the hydrogen-ion concentrations, said: Anyone who has used the hydrogen electrode will have sympathy with those working with this electrode in solutions containing protein and carbon dioxide. On general theoretical grounds one would have said that the Bailey type of electrode used by Dr. Carmichael was the better for the purpose, and that the results which he obtained were those which would be expected. Nevertheless it seems inevitable that more carbon dioxide must have been lost in the experiments of Miss Chevassut, using the Rideal electrode, and it appears to me to be significant that in spite of this she observed a large acid change. Her controls seem to be adequate. The work of Dr. Carmichael does not offer any explanation of the acid change observed by Miss Chevassut.
Dr. JOHN MARRACK said it would be impossible to remove all the free carbon dioxide from fluids of the pH under discussion within reasonable time by bubbling hydrogen through at two bubbles a second. At pH 7-5 for example about one twenty-tifth of the carbon dioxide would be free, and as long as the pH remained about that value this proportion of free carbon dioxide would be maintained by the splitting off of combined carbon dioxide. Thus all the carbon dioxide present would have to be removed before the free carbon dioxide was removed. The pH found would be intermediate between the actual pH of the fluid and that which would be obtained by complete removal of carbon dioxide, and would have no constant relation to either.
